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is used in the W contact definition) that had not been completely
removed durina cleanina.
As part of the »verall effort to determine *he cause »f rhe

tnamilous deqradation, Division SR23 was st * crovidle sartace

wnalvsls support in an attempt o tify the coateroal tausin
the short and to cvaluate the c¢f!ectiveness o! dlternte pro-
cedures for removinig photorcesist. This reinrc fetarls *he -
vestigations whi-h Jed to the dentiracation o tre Sase
olectrical degradation.  In addition, an alrernos e anan:
procedure for removing photoresist 1s suggestoed.

EXPERIMINTAL RUSULTS

Contamination on Thcermopiles

The ends of a number of thermopiles romosve r tr 0 - Toe
anlts were examined usint 1 scannina Ager Coloyeos oy e Wity
3 minimum beam diameter « ! 2 m, With rhis inaty oo opool
secondary electron images and scannini Auger 1o 0 oala b
nbtained. A typical example »f a secondary elooorr oo

shown in Figure 2. In addition to the W, SiGe, n: flass e 1o,

two other features are scen. The [icst is a rathers lar
0! particles. Auger analysis oY these particles inaicates that
they are high in Si and 0. Thev :@robably originatre fror. the
Min~K insulation which is a fine particle silica. Also scen 1o
this picture are a number of dark lines which run roujhly per-
pendicular to the qlass interface which separates the two
channels of the thermopile. When observed at lower magnifica-
tion, these lines appecar circalar. Analyses of these arcas

indicate that they are hi:* .n B and N and probably originate



Figure 2.

scanning electron micrograph nf the end of a

a failed RTG. 1In addition to the

a large number of particles (4,

and

SiGe (1Y,

circular

W

thermopile removed from

(2) and glass
striations (5)

layers (3),
are observed.



from the machining marks on the BN used for the electrical
isolation. Analyses of the W and SiGe areas indicate the
presence of €, 1, Cl, Na. The glass area has varyinyg amounts
of ¢, 0, and $i. Ficure 3 shows a SkM and C (KLL! Auger nap

o: ¥he hot end f a thermopile which had been identified to

havn an electrical short near the edye (right side) of the pile,
As cin be seen ‘from tre Auger map, carkbon is observed on the

N opuis.  The ver t br.oaght spots betwensn the vnads are dae to
electrical charging ot insulating particles (most'sy trom the
in-K). The bright arca near the riuhthand sidv alan: the

1rs Taver is not due to charging and 1ndicates a 'iab level
of carbon is present in this area. The high level of € 1s also
obscrved "around the corner" on the glass layer on the side of
*he thermopile and extends pproximazely 4 mm d-wn the thermo-
nile. This nbserwvation lod t5 the hypothesis that the <leanin:
nrocedare used to remove the photoresist was insi:ficient,
~spectally near the edge of the oile. It was stocalated that
at htah temperature the photoresist was charinag and becomina
conducting. This speculation was supported by electrical
condictivity measurements made by R. Joknson, 5815, on the
phnruresist.z The electrical resistance between th» two
channrls of the deaiaded thermopile, shown in Fiaure 3, was
determined by organization 2531 to be 10,000 ohms. This

area was sputter clecaned in the Auner system using 5 keV Ar
ions, After sputtering, the photographs shown in Figure 4

were obtained. These data indicate that the C contarination

was almost eliminated by the sputtering. Subsequent electrical
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Figure 3.

BT N N

Scanniny eclectron micrograph and carbon Auger map of the hot end of

a thermopile removed from a failed RTG. A shori in this unit had heen
electrically isolated to the glass arca in the right hand portion of the
photograph. Note the higyh carbon observed in this area.
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Figure 4.

Scanning electron micrograph ind

Carbon Aaer ™y obtained after sputter
clearing the hi,h carbon area shown in

previous fiqure. Jdote the low level of
the remaining cavbon.
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measurements indicated that the resistance increased by three
to four orders of magaitude to a value which was in the
acceptable range. From these data it was concluded that carbon
was a major contributor to the shorting problem and that the
wroblem was one of surface contamination (i.e., the removal

of a few hundred ; of material corrected the problem). These
f.ta iid not, however, identify the source of the carbon.
“ecause removal of photoresist was known to b a problem and
e electrical tests of R. Johnson indicated that at elevated
*omperatures photoresisi could give the anomalously high con-
ductivities which had been measured on thermopiles, tests were
-nditted on the effectiveness of various cleaning vrocedures
1 removing the photoresist.

Cleaning Procedures

Auger analysis was used to evaluate methods for removing
vhotoresist from the thermopiles. The cleaning procedures which
were tested consisted of three general groups or combinations

iroups. These were chemical, ultraviolet, and plasma cleaning
thotr oxydgen and hydrogen). Plasma and ultraviolet cleaning
weao 1ncluded becausc they have been shown in tie past to be
~ery effective in removing hydrocarbor contamination.

There are a number of reports in the literature where ultra-
iolet radiation has been used to remove hydrocarbons.3 The
principle mechanism for this reaction is believed to be th=
formation of ozone which tnen reacts with the hydrocarbon to
form volatile products. Because this reaction is rather slow,

it is usually used as a "final step" in the cleaning process.
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This is also the way it was used for these measurements. In
collaboration with F. W. Oswalt of 5821, three chemical cleaning
procedures were evaluated. These are listed in Table I. The
first was similar to GEND's method which included scrubbing with
cotton swabs. The second was a procedure which was suggested
by Frank Oswalt and the third was Frank Oswalt's procedure followed
UV cleaning. The effectiveness of these cleaning procedures was
determined by monitoring the carbon and Si Auger signals from
Si samples which had been coated with photoresist and cleaned
by the various methods. The results are shown in Figure 5.
These data indicate that scrubbing is not as effective as
multiple stages of ultrasonic cleaning and that tt. additicon
of UV as a final step in the cleaning process plays a major
rcle in reducing the carbon level at its lowest value. It
should bhe noted that the thermopiles can be stored in a Uv
chamber after cleaning and their recontamination can be . -evented.
A thermopile was cleaned by the above method and the SEM
results are shown in Fiqure 6. As can be seen, the pariicilate
and stain levels are very low. 1In addition, surface analysis
of the various areas indicates that the carbon contariination
level is also low indicating that with this procedure, thermo-
piles can be successfully cleaned prior to assembly.
To qualify UV for the cleaning process the guestion of
oxidation of the W contacts and subsequent loss of adhesion
had to be addressed. This was studied by UV-treating W thin
films for varying periods of time and then determining the

oxyden concentration as a function of d-gth. The results of
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TABLE I

Methods Which Were Tested fo. Their gffectiveness in Remowvin:

Methcd I

1. Scrubbing with cotton
swabs with 1, 1, 1, tri~
chloroethane

2. Ultrasonic cleaning
in 1, 1, 1 trichloroethane
(2 min}

3. Ultrasonic cleaning in
isopropyl alcohol (2 min)

4. Blow off with effa~
duster

Photoresist

|

Method IT
Ultrasonicicleaning for

2 min followed by blow
off with effacuster

1. Trichldroethylene
2. Isoproﬁyl alcohol
3. Deionized water

4. Isopropyl alcohol

5. Isoproéyl alcohol

Methed 11

Sane as
Methaod T:

followed i

23 hr ﬂ.\::n-‘-

g
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Figure 6.

T

Scanning olectron micrograph anc
carbor Auger map of a1 aermopil»

after -~laanin: by methou 1II. Note
the lcw level of marticles and carbor.
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the measurement are shown in Fiagure 7. As this Iigure nd:cates,
the Jepth tc which the oxyden extends is independent oI the
sample treatment time (the oxygen level in the surface laver =ay
~harge, however). The depth to which the oxygen oxtends s
a small fraction of the tctal W thickness and therefore ohn
treatment should not dedgrade the zality of the W ~onracsts,
The rate at .shich photores:st can be removed in 2 iry
process can be increased sicenificantly by usin: an oxyien oSt
racher than UV. As a demcnstration af the eife-t. oness ot
oxygen plasma cleaning, photoresist was removed :rom a W
by oxycen plasma alone. Fiaure 8 shows a compar:s n 7 ¢
x-ray photorlectron spectra f(XPS' taken before :loani:
(primarily C and 0) and after cleaning at 100 waitts .: *.°% Tor»

oxygen for 15 min (very little carbor along with W, O in: =Sn .

These data indicate that the oxyaen plisma is very --Ji:i-1ent

1n removing the hydrocarben {(tc a level as low as tha* ~heoiine:
by any other nethod)., However, a significant :aantsty 2 ¢.n
was being deposited during the treatment. Data obtilneid by

secondary ion mass spectroscopy indicated that the Sn was :n

an oxidized state. Bulk analysis hy emission sicctroscopy
indicated that the phctoresist (Kedak Metal Etch Resist, cor-
tained approximately 0,2 wt. Sn in the bulk. This value 1s
much lower than that observed on the surface. Apparently during
the plasma treatment the hydrocarpon rortion of the photoresist
is removed and the Sn from the buik is concentrated in a surface
layer on the sample. While this negates the use of oxyvgen

plasma alone as a one step "dry" method for removing photaresist,
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from Sn was found in the Auger data. Because the bulk concentra-
tien of Sn in the photoresist is near the Auger Jdetection limit,
these findinags did not complotely rule out photoresist as the
sour.e ot the carbon, They did suggest, however, that one should
carcully examine all of the processing steps tor the source of
the carbon contaminaticon. When this was done by organization
23l and GEXND personnel, it was found that the bakeout oven used
Lo aectaum fake the thermal jasulation (Min-K) was untrapped and
that srgniticant vaounts ot oil had backstreamed nto the oven
mnd were contaminating the Min-K. It vas suspected that this
contamrnation could be transterred to the thermopile and be the
ser o of the ¢irbon which was the cainse ot the shortaing prog lem.
when test units were built with Min- which had been vacuum
batael oinoa "clean”™ oven, the acectlorated degradiition ot the
units disappearcd.  Therefore the primary cause o! the peceleratoed
i aaation s thought to have boeen o)l contasinat ion. Horwovesr,
thoer=apple cleaning is still constdered to e o critsal rrocess
s UV cleaniny has been added to mininize contamination :rebhlemg,
CONCLUSTONS

From these stwlics two mocjor contributions wore made to the
an i standing and reduction of the degradation of the MC2730.
iz ot, 1t was clesrly shown by Awger analysis that the clectrical
et vlation was caused by v cftace carbon contamination. ‘The
source of the carbon coptamination was subsequently identified
(L 2531 and GEND ;~rscnnel) as pumn oil contamination ol tho

Min~¥ thermal insulatron.  Second, therwvopile clcaning procedures

were ovaluated and an improved prec.dure which used UV cleaning

21
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as a final step was shown to be superior to the one used on the
production line. When the pump o©il contamination was eliminated
and improved handling and cleaning procedures were incorporated
into the production line, the MC2730 successfully passed TMS.
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